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INTRODUCTION
Antarctic ice sheet is one of the most sensitive and important areas which contributes significantly to changes of the global sea level (Bamber et al., 2009; Cazenave et al., 2010; Shepherd et al., 2012; Vaugham et al., 2013) . There are three widely used methods for monitoring Antarctica ice sheet: gravity satellite, altimeter and Input-output (Rignot et al., 2008; Shepherd et al., 2012; Gunter et al., 2014; Zwally et al., 2015) . Satellite altimetry has proven to be a valuable tool in studying ice sheet mass balance changes over the past 30 years, for its well data quality and high resolution (Shepherd et al., 2012) .
While the radar altimetry covers the longest time series, the laser altimetry is available solely from ICESat mission (Davis et al., 2004; Zwally et al., 2015; Sørensen et al., 2015) . Since 1991, Greenland and Antarctica to 81.5°south had been covered continuously by the European Space Agency (ESA) radar altimeters on the European Remote Sensing Satellites (Fé mé nias, P. et al., 1993; Anita C. Brenner et al., 2007 ; Auré lie Michel et al., 2014) . The ENVISAT was launched in 2002 by the ESA to link up with ERS-1 and ERS-2. It worked for eight years and successfully provided great large measurements and currently, followed by CryoSat-2 (Ré my et al., 2009; Sørensen et al., 2015) . The Ice Cloud and Land Elevation Satellite instrument (Abshire et al., 2005; Zwally et al., 2002; Sørensen et al., 2015) . Because of the longer wavelength of the radar instrument, the signal might penetrate into the snow pack, while the laser signal is reflected from the air-snow interface and get a more accurate result (Arthern et al., 2001; Ridley and Partington, 1988; Sørensen et al., 2015) . Brenner et al. used the data retrieved from the ICESat, ERS-2 and Envisat over the Greenland and Antarctic ice sheets to calculate their precision.
The laser precision is found to vary from 14 to 59 cm, and the radar precision varies from 59 cm to 3.7 m for ERS-2 and from 28 cm to 2.06 m for Envisat (Anita C. Brenner et al., 2007) . This paper analyzes the precision and deviation of elevations received from Envisat and ICESat over typical ice gaining area, the LAS and losing regions, the ASS and analyzes the factors influenced them(the location of the regions showed in Fig.1 ).
DATA AND METHODS

ICESat Data and Processing
We chosed newly released ICESat GLA12 dataset (R634) -Antarctic and Greenland ice sheet altimetry data (ftp://n5eil01u.ecs.nsidc.org/SAN/GLAS/GLA12.034/).This dataset has recently been updated due to the error (called the Gaussian-centroid or "G-C" offset) in the range determination from the transmit-pulse reference-point selection. This product has 18 campaigns from January 2003 to October 2009 and the time period is listed in Table 1 (Shutz et al., 2005) . Campaign 17 lost a large part of data and Campaign 18 was not completed responding to a sensor problem. In accordance with its data acquisition plan, the data from these last two campaigns were excluded from this study (Schutz et al., 2005) . For the ICESat data, we performed data preprocessing, which involved data filtering, data classification, projection and transformation.
Table1. ICESat Campaigns and data used in this study 
Envisat Data and Processing
The Envisat Radar Altimeter 2 (RA-2) data used in this study is provided by the official website of ESA.ENVISAT changed its orbit on October 22, 2010 and the cycle changed from 35 days to 30 days (Rosmorduc et al., 2011) . Here after, this repeat orbit was abandoned, and the time period used in this study is from September 2003 to December 2008 (corresponding to cycles19-75); in which periods can be contrasted with ICESat. The elevation data needed geophysical corrections, including dry / wet troposphere delay correction, ionospheric correction, polar tide correction and solid tide correction. We use quality labels and waveform labels to remove the bad observation points. The retracking of the RA2 altimeter waveform provides a mean range to the radar scatterers within a certain area of several square kilometres (Roemer et al. ,2006) .Generally, the surface of the ice sheet is slanting and the impact point is not located in the satellite's underneath direction, which leads to a range error. So, correction for slope induced error (SE) is necessary. The SE correction usually been introduced through simple surface parameters such as the surface slope that can response topographic information (Roemer et al., 2006) . In this paper, we consider that the impact point is correct and regard the SE as a distance error. We assume a planar surface over the footprint and using small angle assumptions, the correction becomes a function of the altitude and the slope ,the equation is given by： ∆ = ( − 1) （1） where H is the altitude of the satellite above the surface (in meters), and α is the slope of the surface calculated from ICESat DEM (http://nsidc.org/data/nsidc-0304.html).
Crossover Analysis
The orbits of the satellite around the earth can be divided into ascending arcs (from south to north) and descending arcs (from north to south). The intersection of the tracks at the same location is called the crossover point (Li et al., 2003) . Firstly, the crossover is calculated by fitting the track to a quadratic function and calculating the intersection of the two curves. Then, only points which are closed to the crossover point are used to iterative fitting until the crossover point is stable. The elevation at the crossover is calculated by linearly interpolating from the points on both ascending and descending tracks. If the elevation data is invalid or missing within the expected distance (330 m for Envisat and 170 m for ICESat), then the crossover is discarded. The crossover residual is the difference in the interpolated elevations from the two tracks. The mean and ©standard deviation σ of a set of crossover residuals is calculated using a 3σ iterative convergent edit to remove outliers. Convergence is defined when the current value of σ agrees to the previous value to within 2%.
RESULTS AND DISCUSSION
The crossover analysis mentioned above was used to obtain the crossing points of the ICESat tracks, Envisat tracks and ICESatEnvisat tracks separately. The two tracks we chose for crossover analysis should be in the same campaign for ICESat (within 33 days) or the same cycle for Envisat (within 35 days). Due to the small amount of ICESat data and the sparse distribution of the intersection points, 20km × 20km grid is established to make the overlap analysis while 10×10km grid is applied for Envisat as the data is abundant. The standard deviation of a grid of elevation residuals at time-coincident crossovers is calculated as the precision of each satellite while the mean value is calculated as the deviation of ICESat-Envisat.
Calculate Result
The geographical distribution of the precision in ASS area and LAS area are shown in Figure 2a , 2b，respectively. In both figures, precision in higher latitude is better than the margin areas. Compared with the two satellites, ICESat has a higher precision. For both satellites, LAS has a better result than ASS.
As the latitude grows, the tracks for both ICESat and Envisat become sparse, so the crossover points in margin areas are less than the higher latitude region. In the Amundsen Sea Sector area, the average precision of ICESat is 0.10 m and 1.10m for Envisat. In the LAS area, the average precision is higher as 0.09m for ICESat and 0.56m for Envisat. Compared ASS and LAS, it is clear that the ASS region has a more complex distribution, which is related to the complex terrain and significant ablation. The deviation of ICESat-Envisat is shown in figure 3 . As the figure shows, the flatter inner area of Antarctic ice sheet has a small deviation than complex margin area in both ASS and LAS. The average difference of ICESat-Envisat intersection in the ASS area is 0.43 m, and the standard deviation is 7.14 m while in the LAS area, with an average of 0.53 m, the standard deviation of 1.23 m. This is because Envisat is a radar altimeter whih has a penetration of the surface snow and ICESat laser altimetry do not penetrate the surface ice sheet. The average difference 0.43m and 0.53m in ASS and LAS is coincident with the penetration depth for Envisat. The deviation shows the ICESat and Envisat has a good agreement in LAS (1.23m). The LAS region has a relatively slow slope than ASS region. The slope correction for Envisat is effective while for ASS region, the terrain is more complex and our slope correction method may not correct all of the slope included error so that the deviation is larger than LAS region.
Further Discussion
The deviation for ICESat and Envisat is calculated in ASS and LAS, but the impacts which influence the result such as terrain slope, ice velocity and elevation change trend has not been analysed in our paper. The correlation analysis is going to be developed.
CONCLUSION
The precision of ICESat and Envisat are estimated in ASS and LAS separately, meanwhile the deviation of ICESat and Envisat is generated. The good precision of ICESat indicates the good data quality and leads our later research in these two regions. The less precise Envisat data is also a good dataset for investment which needs meters lever precision such as DEM generation. The differences of ICESat and Envisat indicate the penetration depth of 0.43 and 0.53 in ASS and LAS separately.
